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ABSTRACT
A smartphone-based oscilloscope improves on traditional lab oscilloscopes in
accessibility and portability but faces several performance limitations compared to traditional
oscilloscopes. Among these, an oscilloscope app that uses the phone’s audio to read voltage
signals will have a sampling rate and voltage bottlenecked by the capabilities of the audio codec,
which will rarely exceed a rate of 48 kHz and 1 volt, respectively. Additionally, smartphones
lack the ability to read line-in audio, allowing only one channel input through the microphone.
Direct connections to an audio source may not be possible due to requiring an audio jack
connection, and different poles being used for voltage output and input.
These limitations can be remedied with the use of external hardware to aid the
oscilloscope app. An adapter can be used to connect voltage output from the left or right
channels to the microphone channel, and a channel switch on the adapter can be used to partially
alleviate the lack of two-channel input. A digital signal processor external from the phones audio
codec can be utilized to process signals higher than 20 kHz that would otherwise be unreadable
based on a 48 kHz sampling rate. This processor can send samples digitally to the app, which
allows for input of as many channels as the external process has physical connections for.
Keywords: oscilloscope, app, audio, hardware
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1 INTRODUCTION
As smartphones become increasingly capable of supporting a variety of applications and
mobile development becomes easier, it is ever more convenient to turn standalone tools and
hardware into phone apps. Today’s smartphones can simulate everything from a radio to an
oscilloscope. The limits of such audio applications however are determined by the capabilities of
the device’s audio codec. For smartphones, audio input can only happen through the microphone,
and audio sampling rates seldom surpass 48 kHz. For an oscilloscope app, this means that only
one signal can be input at any given time, and the signal is only readable under frequencies of
roughly 20 kHz. Additionally, connections to a signal source must happen through an audio jack,
restricting the use of probes and truncating any voltages above 2 volts. These limitations can be
negated with the use of external hardware, designed to work with oscilloscope apps to digitally
convert voltage signals without the use of the devices internal ADC and audio codec.

2 BACKGROUND
2.1 PHONE AUDIO INPUT
An audio jack is a port that allows for connection to an audio cable. Whether it is
embedded in the phone itself, or via a dongle, all phones allow for connection to audio input and
output. When discussing 3.5mm audio connectors, the acronyms TS, TRS, and TRRS are used to
describe which poles on the plug are present. T, R, and S stand for tip, ring, and sleeve,
respectively. The tip is the end pole on the plug, the sleeve is the pole furthest from the tip, and
any poles in between are rings.

Figure 1: TS/TRS/TRRS Layouts

Each pole on an audio connector represents a channel where the measured voltage
represents an audio signal. One channel on every audio connector will be connected to ground.
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On a TRRS connector, there are two standard layouts the determine which channel is on which
pole: CTIA and OMTP. Many of the first smartphones used OMTP, which has the left and right
audio channels placed on the Tip and Ring 1 poles, the microphone channel on Ring 2, and
ground on the Sleeve. Today’s smartphones use CTIA, which likewise has the left and right
audio channels placed on the Tip and Ring 1 poles, but instead has ground on Ring 2, and
microphone on the Sleeve. (Core)

Figure 2: OMTP/CTIA Layouts

Audio connections for different purposes will connect to different poles on the audio
jack. A line-in connection will read voltage from the Left and Right channels, whereas a mic-in
connection will real voltage from the Mic channel.

2.2 OSCILLOSCOPE
An oscilloscope is a tool used by electrical engineers to visualize and analyze waveforms
consisting of a voltage signal varying over time. At its simplest, an oscilloscope has at least one
pair of voltage and ground connections, and a display output. Each voltage signal and ground
pair is known as a channel. By allowing multiple channel inputs, an oscilloscope can monitor
and compare multiple voltage signals over time. Channels are connected to a signal source
through physical connectors called probes. The voltage value of each sample is displayed to
show the signal over time.
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Figure 3: A Tektronix MDO3014 Oscilloscope displaying a 440 Hz Sine Wave

To navigate and improve the view of a measured signal, the scales of the voltage and time
values can be adjusted. When the voltage division is increased, the visual vertical range of the
signal is decreased. Likewise is true for the time division, and changing the division values
effectively allows a user to ‘zoom in’ and ‘zoom out’ of the graphed signal.

Figure 4: Decreased Time Division

Figure 5: Increased Voltage Division
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Another feature of an oscilloscope that allows a voltage signal to be monitored is the
trigger. The trigger determines a point where the wave always will pass, meaning that the
specified segment of the wave will stay constant. This allows the wave to be viewed without all
values changing.

Figure 6: A 'Scrolling' Wave due to Lack of Triggering

The majority of digital oscilloscopes have the capability to perform many operations on
one or more signals. These include simple math operations on multiple channels, such as
summing or subtracting two channels. Many properties of a signal can be analyzed, such as the
minimum and maximum voltages, the frequency of the signal, or the mean value of the samples
of a channel. Additionally, most modern oscilloscopes allow the wave to be viewed in the
frequency domain, allowing for more in depth spectral analysis.

3 OSCILLOSCOPE APPS
3.1 LABNATION SMARTSCOPE
The SmartScope app is an oscilloscope app developed and published by LabNation available on the
Google Play and Apple stores. The app is also downloadable on Mac and Window computers.
(LabNation, 2018)
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Figure 7: LabNation oscilloscope app

The LabNation SmartScope features a highly detailed oscilloscope page, with three available
modes: Analog, Digital, and Mixed. Only analog is available without the external scope, as it can read
from the audio jack. The graph allows for easy pinch to zoom which alters the voltage and time divisions.
A large sample buffer allows for panning through the signal. An FFT option allows the frequency domain
of the signal to be viewed. Available measurements include frequency, duty cycle, max, mean, min, peakto-peak, RMS, fall time, and rise time. In addition, there are several recording and exporting options.

3.2 PSLAB
The PSLab app, short for Pocket Science Lab, features several pages for 15 different sensors. The
app is developed by FOSSASIA, OpTec, and an open source community. The native Android application
is on the Google Play store, and is available as a Python application on desktop.

Figure 8: PSLab oscilloscope app
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The first page on the PSLab app is the Oscilloscope. It allows for three channels to be displayed
at once, but only the In-built MIC channel can be shown without the external scope. The trigger can be
enabled and disable for each channel, and its height can be changed. Only the time division can be
directly controlled. The frequency domain of the signal can be viewed, as well as a few other data
analysis options.

3.3 HUSKER SCOPE
The Husker Scope app is an oscilloscope app available on both Android and iOS devices, as well
as a web app for browser. The app was developed by an undergraduate team at the University of
Nebraska-Lincoln as part of the School of Computing senior design capstone.

Figure 9: Husker Scope oscilloscope app

The app is made up of a frequency generator, an amplitude/frequency modulated tone generator,
and an oscilloscope. The oscilloscope reads in samples from the device microphone jack and displays it to
a 200 sample wide graph. Because samples are only collected from the microphone, only one channel can
be displayed at a time. Like a benchtop oscilloscope, the app uses triggering to stabilize the waveform,
voltage and time division to scale the graph, and cursors to measure value distances within the graph. It
also allows the user to switch triggering modes (either rising-edge or falling-edge) and to change the point
where the wave will trigger. An autoset button automatically determines a voltage division and a time
division that would fit the wave on the graph. A saving functionality allows collected samples to be
exported.

4 ONE-CHANNEL INPUT
With the use of an oscilloscope app, it is entirely possible and convenient to connect a
smartphone directly to an audio-based frequency generator via a single 3.5 mm audio cable.
However, it will likely not be immediately able to take in input and display a waveform. This is
due to two reasons.
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Firstly, the voltage output from the frequency generator will often be applied to the left and
right channels of the audio jack. Conversely, a smartphone-based oscilloscope will take its
voltage from the microphone pole of the cable, the Sleeve in the CTIA layout. The simple fix for
this problem is to connect the desired output channel to the microphone ring.

Figure 10: Direction Connection Layout

Even when there is voltage on the microphone ring, many devices will not automatically
recognize an audio input as an input to the microphone. This is because many phones, especially
Apple iPhones, have a signaling method for recognizing microphone devices, especially when
the connection happens with the aid of an audio dongle. Usually, this method consists of
detecting a certain resistance between the microphone and ground rings. A resistor can be placed
to connect between the selected output and the microphone pole, the Sleeve for CTIA.

Figure 11: Direction Connection with Resistance
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4.1 ADAPTER
Both fixes can be applied into a single adapter. This adapter would take in left and right
channels from a frequency generator and output a microphone signal, able to be detected and
read by a phone. This can be achieved using two female audio jacks and a single resistor. With
the addition of a switch, the user can also choose which input channel to output to the
microphone.

Figure 12: Preliminary Adapter Design

This design was constructed onto a printed circuit board (PCB) initially using surfaced
mounted components (SMD). Originally, an 82 kΩ resistor was placed between the switch and
the microphone. This resistance was too high for the adapter to be recognized as a microphone
on Apple devices. Using a 10 kΩ resistor instead remedied this issue. With an additional 2 kΩ
resistor, the output is

Figure 13: Fabricated Preliminary Adapter

To ease assembly, the SMD components were replaced with through-hole components
(THT). In addition, the silk screen was improved to show the app name and logo, and breakout
pins were added to aid oscilloscope probe connection.
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Figure 14: Improved Adapter Design

Figure 15: Fabricated Adapter

4.2 COST
Component
PCB
Audio Jack
Misc.

Quantity
1
2
1

Cost per Unit
~ $0.75
~ $1.00
~ $0.25

Table 1: One-Channel Adapter Cost

Given the components listed above, the cost for each adapter board is about $3.00. The
miscellaneous components include two resistors and a switch. The prices were based on a quantity of only
ten boards, so any increase in the quantity of boards produced with result in a decrease in the cost per
adapter.
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5 MULTI-CHANNEL INPUT
5.1 LABNATION

Figure 16: LabNation SmartScope without cover

The LabNation external scope uses a Spartan-6 FPGA and has 64 Megabytes of RAM. It
allows for two probe connections, eight digital inputs, four digital outputs, and one analog
output. All inputs and outputs have a rate of 100 million samples per second. The scope can
connect to a phone or computer with a USB cable and comes in an aluminum case. (LabNation,
2022)
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5.2 PSLAB

Figure 17: PSLab circuit board

The PSLab scope is controlled by a PIC24EP256GP204 microcontroller, programmable
with a PICkit 3. No probe connections are soldered on the board but can be connected with the
eight I2C sensor connections. Up to two million analog samples and four million digital samples
can be input per second. It can be connected to a phone or computer with a USB cable. The
board has a slot for a ESP8266 WiFi chip, but the chip itself is not included. (PSLab)

5.3 NOVEL DESIGN
By taking inspiration from the other two external oscilloscopes, I will discuss the potential design
for an external module to aid the Husker Scope app specifically. A module to serve this purpose will
actually be fully realized by next year’s Husker Scope senior design team. Keeping this in mind, cost and
ease of assembly/programming will be factors considered when choosing components for the module.
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While a board could be made from scratch, it is easier to build upon a readily programmable prebuilt module. Three of these modules are listed in the table below.
Name
Cmod S7
Arduino Nano
Curiosity Nano

Manufacturer
Digilent, Inc.
Arduino
Microchip

Chip
Spartan-7
ATmega328p
AVR128DB48

Type
FPGA
Micro CPU
Micro CPU

Cost
$70.93
$21.80
$21.31

Table 2: Module Information

Based on cost only, either the Arduino Nano or Curiosity Nano would be preferable to use over the
Cmod S7. However, both the digital clock speed and the analog sampling rate must be considered. The
following table compares the respective speeds of each module.
Name
Cmod S7 (Digilent)
Arduino Nano (Microchip Technology Inc.,
2018)
Curiosity Nano (Microchip Technology Inc.,
2020)

Digital Clock Speed
450 MHz
20 MHz

ADC Rate
1 Msps
10 ksps

Max ADC In
5.5 V
5V

24 MHz

130 ksps

5.25 V

Table 3: Module Comparison

For an oscilloscope application, a higher sampling rate is always preferred. Even without the use of
an external ADC, the Cmod S7 has a sampling 100 times higher than the Arduino Nano and almost eight
times higher than the Curiosity Nano. In addition, with such a high digital clock speed, the Cmod S7
would allow for several logic analyzer inputs, with sample rates higher than 100 MHz.

Figure 18: The Cmod S7 Board

To convert the Cmod S7 into a functional oscilloscope, it simply needs to be able to connect to an
oscillating voltage source. To accomplish this, a pair of probe connectors can be soldered to the board.
Additionally, a 3.5 mm audio jack could be attached, with a physical or digital switch to determine
whether to read from the probes or audio input.
It would be possible to add an ESP chip to the module, allowing for Bluetooth connection to the
phone app. However, it would be cheaper and simpler to use the built-in USB connection, which would
also ensure a constant transmission rate of samples to the phone and be easier to program.
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Component
Cmod S7
Audio Jack
Probe Connector
Misc.

Quantity
1
1
2
1

Cost per Unit
$70.93
~ $1.00
~ $2.00
~ $0.50

Table 4: Two-Channel Adapter Cost

Board
Husker Scope
PSLab
LabNation

Cost
~ $76.50
$84.00
$179.00

Table 5: Board Costs

The speculative board described above would have a material cost of about $76.50. This is
assuming that the board uses about twice as many miscellaneous components (resistors, switches) as the
one-channel adapter. This also assumes that none of the components are purchased in large quantities.

6 CONCLUSION
The Husker Scope app oscilloscope functionality is a useful tool to visualize and analyze audio
signals. The functionality is aided by the line-out to mic-in adapter that easily switches physical channels
and allows signals to be detected by Apple and Android devices. For a price less than $3.00 per board, the
benefits provided are worth the cost.
The limitations of the one-channel adapter, which include the lack of simultaneous dual-channel
input and a sampling rate and voltage limit dependent on the audio codec, can be remedied by an external
oscilloscope board. Though each board could cost up to $76.50, they would allow for two-channel analog
sampling of up to 1 MHz and multi-channel digital sampling of up to 100 MHz. This is much less
expensive than any benchtop oscilloscope and cheaper than the other oscilloscope app boards.

6.1 FUTURE WORK
As part of the School of Computer senior design capstone, a team of students will be continuing the
Husker Scope project and will be designing, building, and programming an external oscilloscope module
to interface with the app. While their final design may be very similar to the speculative board I
described, they may end up finding differing research or receiving other instructions that result in
choosing components other than the ones listed in this paper.
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